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ABSTRACT 

The particle flow pattern, mixing and granule segregation in a tapered fluidized bed have been studied along with the 
hydrodynamics. At first the bed of varying total mass and granule fractions is fluidized then the bed is defluidized to 
freeze the composition, the bed is sectioned to layers and the composition in each layer is determined by sieving. Mate-
rials used in the present study are dolomite and glass beads with different B.S.S Sizes. A series of unsteady, three fluid 
CFD simulations were performed using FLUENTTM 6.2. Simulation parameters viz. solution technique, grid, maximum 
packing fraction and operating conditions like gas velocity were investigated for relative effects on particle mixing and 
segregation. Good arrangement of solid volume fraction profile was obtained between the experimental results and 
simulation results for regular particles. 
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1. Introduction 

One of the most prominent features of fluidized beds is 
either ability to mix and segregate. This of great impor- 
tance for a variety of processes in industries. Knowledge 
of particulate mixing and segregation would be highly 
useful in the design of fluidized bed reactors as well as in 
the determining mass transfer, heat transfer, reaction rates, 
erosion and concentration profiles. For example the sur- 
face renewal rate is important in “top down” spraying 
granulation. 

Mixing of solids in cylindrical and rectangular fluid- 
ized beds has focused earlier because of their use in in- 
dustry and for practical experimentation. Tapered bed is 
preferred in unit operations like granulation, dry coating. 
A velocity gradient exists in the axial direction in tapered 
bed leading to unique dynamic characteristics of the bed. 
Due to this characteristics, tapered fluidized beds have 
found applications in waste water treatment [1], roasting 
sulphide ores [2] and food processing [3] etc. Tapered 
fluidized beds are very useful for fluidizing materials 
with a wide particle size distribution as well as for exo- 
thermic reactions [4]. They can be operated with less 
pressure fluctuation [1] and also for extensive particle 
mixing [5]. 

Much development and design of tapered fluidized bed 
reactors are still limited for the complex behavior of gas- 

solid flow making flow modeling challenging task. In 
addition, numerical solutions of complex non-linear equ- 
ations, with moving phase boundaries are difficult to 
obtain. 

CFD is used for predicting the quantitative results, 
when fluid flows, in operations involving simultaneous 
flow of heat, mass transfer, phase change (e.g. melting, 
freezing), chemical reactions (e.g., combustion), mecha- 
nical movement (e.g., piston and fans), stress and dis- 
placement etc. of the various modeling tools, computa- 
tional fluid dynamics (CFD) is most promising for future 
fluidized bed modeling. CFD is intended to include the 
key mechanisms of importance to predict accurate flow 
and other characteristics of fluidized bed for design, scale 
up and optimization. The detailed predictive simulations 
using CFD make modeling more accurate and faster. 
Conventional scaling laws can be used to design a flui- 
dized bed, either larger or smaller, with hydrodynamic si- 
milarity. However, similarity of mixing segregation phe- 
nomena is not guaranteed. Hence simulations become the 
only potential tool useful for scaling fluidized beds used 
for fluidization of multi-components systems. 

2. Literature Review 

2.1. Theoretical 

Tapered fluidized beds have many attractive features, *Corresponding author. 
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among which are their capabilities for handling particles 
with different sizes and properties [6] and for achieving 
extensive particle mixing [7]. The flow regime of partial 
fluidization and pressure drop characteristics in gas solid 
tapered beds of apex angles 30˚ & 45˚ is reported [8], 
consisting of single size particles of glass beads ranging 
from 274 μm to 650 μm. An empirical equation derived 
for prediction of pressure drop at critical fluidization ve- 
locity for gas solid fluidized beds [9]. The study of bed 
expansion ratio of Gedart D particles using tapered ves- 
sels of apex angles ranging from 3.82˚ to 45.24˚ and 
equation has been proposed for bed expansion ratio [10]. 
Studies carried out in a tapered fluidized bed reactor and 
empirical methods proposed for determination of ex- 
panded bed height by using static pressure and wall sur- 
face temperature [3]. 

The mixing and segregation in classical and tapered 
fluidized beds is reported [11]. This is based on the re- 
views [12].  

It is well known that mixing degree of solids in a bi- 
nary fluidized bed with a constant cross-section is always 
between extremes, i.e. complete separation and complete 
mixing of the solid phases. Completely separated binary 
fluidized beds consist of two distinct fluidized layers, 
each containing one type of particle only. Conversely 
particles of each type are distributed uniformly over the 
entire solid phase volume in well mixed beds. 

The new visual observation of the formation of segre- 
gation patterns in fluidized binary systems shows that a 
bed consisting of a mixture of particles of different sizes 
can have a variety of different structures depending on 
the gas flow through out. Their effect on the particles 
differs according to the local proportions of each com- 
ponent of mixture. Segregation can be persist when the 
gas flow rate is sufficiently large to fluidize the entire 
bed. Under such conditions it can be shown that the seg- 
regation can be successfully modeled by drawing an ana- 
logy with the sedimentation of particles from a turbulent 
flow field. The experimental results suggest that the effi- 
ciency of mixing by the bubbles in a fluidized bed is very 
less than for gas bubbles in a liquid. 

2.2. Fluidization and Segregation in Binary 
Mixtures 

Fluidization behavior of a binary mixture strongly af-
fected by fines (smaller particles) as long as they consti-
tute higher than 30% by volume [13]. The effect is 
shown in Figure 1 where the minimum fluidization ve- 
locity UmfM of a binary mixture is plotted against the 
fraction of big particles. When concerning the fluid bed 
agglomeration process, it is expected that the behavior of 
the bed during the agglomeration process will depend to 
a large extent on the primary particles in the early stage 
of the process. 

 

Figure 1. Minimum fluidization of a binary mixture of fines 
and coarse particles measured by P. N. Rowe and A. W. 
Nienow, 1975. 
 

Bellow that volume % they can no longer fill the inter- 
stitial space between the larger particles. Thus for flui- 
dized bed granulation process, it is expected that the b-e 
havior of the bed during the granulation process will 
mainly depends on the primary particles during the early 
stages of the process. 

Segregation used to occur when a bed contains parti- 
cles with different physical properties like density and 
size. Jetsam is the component that tends to segregate to 
the bottom of the bed and that tending to float is called 
flotsam [14]. Various mechanisms for segregation have 
been proposed [15]. 

For segregating fluidized bed the concentration of jet- 
sam in the upper stratum of a strongly segregating bed at 
steady state is determined solely by the depth of the jet- 
sam layer, the fluidization velocity and the particle pro- 
perties, especially the minimum fluidization velocity of 
two components. A correlation based on the independent 
variables is given by. 
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where h   depth of jetsam layer, 

jm
m

= mass fraction of jetsam in the bed,  

f   Mass fraction of flotsam in the bed, 
X = ratio of mj to mf , 
Є = void fraction in bed, j = density of jetsam. 

Visual observation of individual particle behavior of 
group B powders shows that particles are most of the 
time immobile in a structure like arrangement while be- 
ing fluidized [16], and this structure is able to support 
particles that are denser than the bulk bed particles. 
Shearing of the structure by fluidization bubbles rising in 
the vicinity gives individual denser particles the opportu- 
nity to descend. 

In general denser and larger particles will tend to act 
as jetsam, if both density and size differ between two 
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fractions present in the bed; density will have the domi- 
nating effect, except in very special case [12]. 

Literature provides several relations for quantifying 
the segregation [13,17-19]. Introduction of the term “se- 
gregation distance” Ys [18] and is the measure of the 
amount of segregation of a given particle fraction in the 
bed caused by the passage of one fluidization bubble. J. 
C. Bosma and A. C. Hoffman (2003) rearranged the ori- 
ginal relation of H. Tanimoto et al. (1981), 
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where ρ and dp are the particle density and diameter, re-
spectively, & subscripts j and av signify the jetsam & the 
volumetric averages, respectively.

 
It is found for a binary system [17], that the fraction 

jetsam in the uniform mid section of the bed (xmid.j) can 
be described with: 
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where subscript f signifies the flotsam fraction. Both of 
these relations show how the density dominates the par-
ticle size in determining the extent of segregation. De-
pending on the local composition of the bed material, a 
certain fraction of particles may change character, from 
jetsam to flotsam or vice versa [20]. 

When one fraction of particles, e.g. granules, is much 
larger than the other, e.g. the primary particles, there is, 
however, a simpler way of looking at the issue of segre-
gation. Large object, with a volume Vg in a fluidized bed 
of particles with volume Vp will experience the macro-
scopic (on a large scale compared to the small particles) 
pressure gradient in the bed if Vg ≥ 30 Vp [21], and will 
therefore experience a buoyancy force, Fb and given by  

  1b g mf g mf p g bulkF V g V g            (4) 

where subscript g signifies the fluidizing gas, and we 
have defined the bulk density, of the emulsion phase. 
Comparing this with the force of gravity acting on the 
large particles is Vggρg, where ρg is the envelope density 
(thus including any internal pores) reveals whether the 
large particles will act as flotsam or jetsam in the bed. 

2.3. Particle Flow and Mixing and Segregation in 
a Tapered Fluidized Bed 

As mentioned above, investigations of particle mixing in 
fluidized beds have been performed mostly in cylindrical 
or rectangular beds, and to some extent in tapered beds 

with small air inlets operated in the spouted region. Little 
research has done on bubbling fluidizing regime of a 
tapered bed [8,22]. 

The main difference between tapered fluidized beds 
and other fluidized beds is that in the former the fluidiza- 
tion velocity decreases axially. Thus according to con- 
ventional wisdom, and the two phase theory given above, 
the bubbling intensity, and therefore particle mixing, 
should decrease when moving up the bed. However ta- 
pered beds do not act entirely in this way. Three flow 
regimes in tapered beds (Figure 2) are distinguished [23]. 
when regime prevails depends on the fluidization velo- 
city and the bed geometry, in particular the cone angle. H. 
Toyohara & Y. Kawamura (1991) considered the com- 
pletely fluidized state (Figure 2(c)) to be completely 
mixed as in a normal vigorously fluidized bed. The bulk 
movement of solids and coalescence of bubbles are thus 
different in tapered fluidized bed, but the mechanisms of 
bubble and wake formation are expected to be the same 
as in cylindrical beds. 

The type of segregation in the tapered bed would be 
expected to be same as in a straight bed.This was borne 
out in experiments [24], and shown in phase diagram in 
Figure 3. At low flow rates ,the bed is static,above the 
mixture UmfM, vertical segregation takes place, at higher 
gas flow rates, horizontal segregation takes place, when 
the gas flow rate is larger enough,the bed is well mixed. 

Though the classification of segregation structures is 
broadly the same as for the straight sided bed , there are 
some distinct features for the tapered bed which reflects 
its heterogeneous character. First there is the presence of 
region IV, shown in Figure 3, intermediate between a 
purely horizontal segregationpattern & a well mixed bed. 
In region IV, there is still a layer of coarse particles on 
the base of the bed, the thickness of which decreases with 
increasing flow rate;however it also forms a near vertical 
layer along the edge of the aerated regions at either edge 
of the bed. As shown in the Figure 3 the growth of these 
near vertical regions is slow and can take place in the  
 

 

Figure 2. Three regimes of a tapered fluidized bed. (a) Flui- 
dization takes place in the core of the bed only, outside the 
core the bed is fixed; (b) Fluidization takes place in the core 
only, outside the core the bed material moves downword; (c) 
The complete bed is in amixed state with no clear boundary 
between the upward and downword movement of solids. 
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Figure 3. Phase diagram for segregation in a tapered flui- 
dized bed predicted by T. M. Gernon, M. A. Gilberton and 
R. S. J. Spark (2010). 
 
non-fluidized regions at the edge of the bed. The size of 
the near vertical regions increases with angle of taper. 

A further difference between the phase diagram for 
segregation in the tapered bed compared with that in a 
straight sided bed is that all dependence on gas flow rate 
has been eliminated, notably for the transition between 
vertical segregation (region: II) and horizontal segrega- 
tion (region: III). Furthermore, the gas flow rate at which 
the bed becomes well mixed is increases by 25% (roughly 
the width of the region IV in Figure 3).  

3. Experimental Aspect 

We describe here first the fluidized bed equipment with 
their parts. The schematic diagram of the experimental 
set-up is shown in Figure 4. The procedure of experi- 
ments, the computational mixing and segregation char- 
acteristics are described later. 

3.1. Experimental Set-Up 

Air compressor: A multistage air compressor of suffi-
cient capacity is involved. 

Air receiver: It is a horizontal cylinder used for storing 
the compressed air from compressor. There is one G.I 
pipe inlet to the receiver and one by-pass from one end of 
the cylinder. The exit line is also a G.I line taken from 
the central part of the cylinder. The purpose for using air 
accumulator in the line is to dampen the pressure fluctua-  

 

Figure 4. Schematic diagram of experimental set up. 1. Com- 
pressor; 2. Reciever; 3. Silica gel tower; 4. By pass valve; 5. 
Line valve; 6. Rotameter; 7. Conical fluidizer; 8. Glass 
beads packing; 9. Glass beads in fluidized state; 10. Pres-
sure taps to manometer; 11. Support Stand (panel board) 
for manometer. 
 
tions. The accumulator is fitted with a pressure gauge. 
The operating pressure in the cylinder is kept at 20 psig. 

Air Distributor: Air distributor is a perforated plate 
made of G.I sheet. The pores of 0.5 cm diameter are ran- 
domly placed on the sheet. The distributor is an integral 
part of calming section where it is followed by a conical 
section. The inside hollow space of the distributor is 
filled with glass beads of 1.5 cm outer diameter, for uni-
form air distribution. 

Conical fluidizer: The fluidizer consists of transport 
Perspex column with one end fixed to flange. The flange 
has 6 bolt holes of 1.2 cm diameter. Two pressure tap- 
ings are provided for noting the bed pressure drop. Screen 
is provided in the lower flange of the fluidizer and the 
conical air distributor. 

Quick opening valve and control valve: A globe valve 
of 1.25 cm inner diameter is attached next to the pressure 
gauge for sudden release of the line pressure. A gate 
valve of 15 mm inner diameter is provided in the line to 
control the airflow to the bed. 

Manometer panel board: One set of manometer is ar-
ranged in the panel board to measure the pressure drop. 
Carbon tetrachloride is used as manometric fluid. 

Vacuum Pump: The vacuum pump is used to draw the 
material from the bed during mixing-segregation experi- 
ments. 

3.2. Apparatus Data 

The tapered column was made of Perspex sheets (Figure 
5) to allow visual observation. The inlet diameter was 45 
mm where as the outlet diameter was 177 mm. The reac- 
tor height is 545 mm. The tapered angle is 6.9˚. A 60 
mesh screens at the bottom served as the support as well 
as the distributor. The calming section of the bed was 
filled with glass beads for uniform distribution of fluid. 
Two pressure taps, one at the entrance and other at the 
exit section of the bed were provided to record the pres-
sure drops. Pressure drop is measured by manometer, 
which is one meter long. Carbon tetra chloride (density =  
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Figure 5. Schematic diagram of the structure of tapered 
bed. 
 
1594 kg·m–3) was used as the manometric fluid. Air at a 
temperature of 28˚C (ρ = 1.17 kg·m–3 & μ = 1.8 × 105 
kg·m–1·s–1) used as the fluidizing medium was passed 
through a receiver and a silica gel tower to dry and con- 
trol the air flow rate before being sent through the ta- 
pered column. Two rotameters one for the lower range (0 
- 20 m3/hr) and the other for the higher range (20 - 120 
m3/hr) were used to measure the air flow rates. The va- 
cuum pump is used to draw the material from the bed 
during mixing-segregation experiments. 

4. Experimental Procedure 

4.1. Hydrodynamics, Mixing & Segregation 

A weighed amount of material is charged to the bed .The 
initial stagnant bed height is recorded. Then air flow rate 
was increased incrementally allowing sufficient time to 
reach a steady state. The rotameter and manometer read- 
ings are noted for each increment in flow rate & pressure 
drop and superficial velocity calculated. When the mini- 
mum fluidization was attained, the expanded static bed 
height is measured. As the bed fluctuates between two 
limits of gas-solid fluidization, heights of the upper and 
lower surfaces of the fluctuating bed were measured for 
each fluid velocity higher than the minimum fluidization 
velocity. 

After fluidization the bed with a particular fluid mass 
velocity, it was brought to static condition by closing the 

air supply. The bed then is divided into different layers 
each of 2 cm height. Each of the layers was drawn ap- 
plying suction and analyzed for the amount of jetsam 
particles. Such a system is referred as the static bed con- 
dition. 

4.2. Initiation 

The initial bed of solids is packed into the bottom of the 
bed. The initial concentrations of materials of both sizes 
are based upon the maximum packing fraction for the 
materials. The specified volume fraction of solids in the 
bed is initially 0.01 less than the maximum solids pack- 
ing fraction. If the initial solids fraction is too high, then 
coverage problems will occur. If the initial solids are 
much smaller than the maximum packing fraction, then 
settling will occur before fluidization. The initial condi- 
tion patched was that of perfectly mixed solids through- 
out. 

5. Material Properties 

In order to simplify the physical experiments, the system 
is described by using a single gas phase and two granular 
phases. Each granular phase has a single density and a 
single particle size. Additional particle sizes would in- 
crease the number of phases & computational complexity 
of the problem. The physical properties of both the gas 
and solid phases are tabulated in Tables 1 and 2.  

6. CFD Analysis Using FLUENTTM 6.2 

6.1. Grid, Mesh & Solver 

A two dimensional (2D) grid is used; using a CAD pro- 
gramme called GAMBIT 2.0. 30 and exported into 
FLUENTTM 6.2.16. The simulated bed contains a gas jet 
on the bottom of the bed. Along the horizontal and verti- 
cal directions, the grid size is 0.001 mm, resulting in a 
total of 85,491 cells. Additionally, the grid is divided into 
a lower zone and an upper zone for the purpose of speci- 
fying initial conditions. A zero time lower zone is filled 
with solids at an appropriate volume fraction, while the 
upper zone contains no solids initially. In order to model 
the transient nature of a bubbling fluidized bed, a non- 
 

Table 1. Properties of gas phase. 

Material Temperature ˚C Viscosity kg/m/s Density kg/m3

Air 28 1.8 × 10–5 1.17 

 
Table 2. Material properties of sold phase. 

Material Density, kg/m3 

Glass beads 2600 

Dolomite 2800 
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steady state, Eulerian multiphase model is used. 

6.2. Boundary Conditions 

The inlet was designated as velocity inlet in FLUENTTM, 
where the direction of gas flow is normal to the surface. 
The flow rates used for inlet are determined from the 
superficial gas velocity required. No solids are intro- 
duced through the nozzles. The effects of superficial gas 
velocity on mixing are investigated by changing this ve- 
locity in simulations. The top of the bed was set as a 
constant pressure outlet, and the walls are all set as no 
slip walls. 

6.3. Iterations 

A time step of 0.001 s to 0.0002 s with 20 iterations per 
time step was choosen. This iteration was adequate to 
achieve convergence for the majority of time steps. The 
relative error between two successive iterations was spe- 
cified by using a convergence criterion of 0.001 for each 
scaled residual component.  

7. Results 

7.1. Fluidization Using Different Material 

1) For single size material: 
The single size materials like dolomite and glass beads 

are used in experimentation and their characteristics and 
operating parameters are tabulated in Tables 3 and 4. 

2) For multi size material:  
The multi size materials used in the present study is 

dolomite with B.S.S sizes –8 + 12 and –12 + 14 with 

initial static bed height of 13 cm. The experimental con-
ditions and their readings are shown in Tables 5-6. 

7.2. Mixing & Segregation Properties 

The mixing and segregation characteristics have been 
studied using dolomite and glass beads. The detailed 
segregation characteristics like static bed height, segre-
gated bed height and their weight % has extrapolated in 
Tables 7-9. 

8. Discussion & Conclusion 

The hydrodynamic behavior of fluidization in tapered 
beds is best described by the plot of pressure drop across 
the bed versus superficial velocity of the fluid at the en- 
trance. The results shown in Figures 6-11, where the 
pressure drop increases with the increasing superficial 
gas velocity. The pressure drop reaches a maximum, where 
the transition from fixed bed to partially fluidized bed 
occurs. At this point the velocity is called critical fluidi- 
zation velocity. Then the pressure drop starts to decrease 
with increase of superficial gas velocity and goes to a 
point where further increase in gas velocity keeps the bed 
pressure drop constant. 

The two dimensional grid (Figure 12) and its adaption 
region is shown in Figure 13. The CFD results for the 
contours of solid & gas volume fraction along the length 
of the column are shown. The contours are extrapolated 
in Figures 14-17. The results obtained are useful in deter- 
mining the material distribution in the column and also 
the pressure drop variations. Results shows that for bel-
low fluidization velocity, the solids did not move much 

 
Table 3. Operating parameters for dolomite of –8 + 12 mesh size. 

Material Size, B.S.S Bed Height cm Flow Rate m3/hr Velocity, m/s Manometer reading, cm Pressure, P = N/m2

0 0 0 0 

5.25 0.92 6 937.20 

10 1.75 9.3 1452.66 

10.5 1.83 12 1874.40 

13 2.27 18.5 2889.70 

15.25 2.66 11.9 1858.78 

16.5 2.88 11.5 1796.3 

17 2.97 11.4 1780.68 

17.75 3.10 10.7 1671.34 

18.5 3.23 11.3 1765.06 

19.25 3.36 11.3 1765.06 

Dolomite –8 + 12 13 

20 3.49 11.1 1733.82 
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Table 4. Operating parameters for glass beads of –8 + 12 mesh size. 

Material Size B.S.S Bed Height cm Flow Rate m3/hr Manometer Reading , cm Pressure , P N/m2 Velocity, U m/s 

0 0 0 0 

10 5 781.0 1.75 

12 8.4 1313.52 2.10 

14 11.2 1751.36 2.45 

16 8.4 1313.52 2.80 

18 8.3 1297.88 3.14 

20 8.1 1266.61 3.49 

22 8 1250.97 3.84 

24 7.9 1235.33 4.19 

26 7.6 1188.42 4.54 

9.8 
(GH1) 

28 7.6 1188.42 4.89 

0 0 0 0 

5.5 9.5 1483.9 0.96 

6 10.9 1702.58 1.05 

7.5 14.6 2280.52 1.31 

8 17.8 2780.36 1.40 

8.5 13.5 2108.7 1.48 

9 13.4 2093.08 1.57 

9.5 13.2 2061.84 1.66 

10.25 13.2 2061.84 1.79 

13.25 13.4 2093.08 2.31 

14.5 13.6 2124.32 2.53 

14.75 12.5 1952.5 2.58 

16.25 12.5 1952.5 2.84 

17 13 2030.6 2.97 

17.75 12.6 1968.12 3.10 

19 13 1952.5 3.32 

Glass Beads 
–8 + 12 
(GB1) 

13 
(GH2) 

19.75 12.6 1961.26 3.45 

 
Table 5. Operating parameters for glass beads of GB1 and GB2 with bed height 13 cm. 

Material Size B.S.S Bed Ht., cm 
Flow rate Q, 

m3/hr 
U, m/s 

Manometer Reading 
cm 

P, N/m2 

0 0 0 0 

6 1.05 10.3 1608.86 

6.5 1.14 13.5 2108.70 

7 1.22 18 2811.60 

7.5 1.31 13.4 2093.08 

8 1.40 13.1 2046.22 

8.5 1.48 13.1 2046.22 

9.5 1.66 12.9 2014.98 

10 1.75 12.9 2014.98 

11 1.92 13 2030.60 

12 2.10 13 2030.60 

12.5 2.18 12.9 2014.98 

14 2.45 13.1 2046.22 

14.5 2.53 13 2030.60 

15 2.62 12.9 2014.98 

Glass Beads 

–8 + 12 
(GB1) 
(75%) 

+ 
–12 + 14 

(GB2) 
(25%) 

13 

16 2.80 13 2030.60 
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Table 6. operating parameters for mixture of glass beads for GB1 (50%) + GB2 (50%) and GB1 (25%) + GB2 (75%) with 
bed height 13 cm. 

Material Size B.S.S Bed Height cm 
Flow Rate Q 

m3/hr 
Velocity U m/s 

Manometer 
Reading, cm 

Pressure, P N/m2

0 0 0 0 

5.5 0.96 8.5 1327.7 

6 1.05 10.5 1640.10 

6.5 1.14 14.9 2327.38 

7 1.22 18.2 2842.84 

8 1.40 12.8 1999.36 

8.75 1.53 12.6 1968.12 

9.5 1.66 12.9 2014.98 

10.5 1.83 12.4 1936.88 

12 2.10 12.1 1890.02 

12.5 2.18 12 1874.40 

13.5 2.36 12.1 1890.02 

14 2.45 12.2 1905.64 

15 2.62 12.5 1952.50 

16 2.80 12.4 1936.88 

16.75 2.93 12.3 1921.26 

–8 + 12 
GB1 

(50%) 
+ 

–12 + 14 
GB2 

(50%) 

17.75 3.10 12.3 1921.26 

0 0 0 0 

5 0.87 11.1 1733.82 

6 1.05 15.1 2358.62 

6.5 1.14 19.2 2999.04 

7 1.22 14 2086.8 

7.5 1.31 12.9 2014.98 

8 1.40 12.8 1999.36 

9.5 1.66 12.9 2014.98 

10 1.75 12.8 2014.98 

11 1.92 12.9 1999.36 

12 2.10 12.9 1999.36 

12.5 2.18 12.8 1983.74 

14 2.45 12.8 1999.36 

15 2.62 12.7 1999.36 

Glass Beads 

–8 + 12 
GB1 

(25%) 
+ 

–12 + 14 
GB2 

(75%) 

13 

16 2.80 12.8 1999.36 

 
Table 7. Characteristics for dolomite with static bed height 
13 cm. 

Material Size B.S.S 
Static Bed 
Height cm 

Segregated 
Bed Height 

cm 
Weight % 

    D1 D2

4 - 6 37.6 62.3

6 - 8 39.0 60.9

8 - 10 39.7 60.2
Dolomite 

–16 + 18 
(50%) D1 

+ 
–12 + 14 
(50%) D2 

 
 

13 

10 - 13 46.6 53.3

Table 8. Characteristics for glass beads with static bed 
height 13 cm. 

Material Size B.S.S
Static Bed 
Height cm 

Segregated 
Bed Height  

cm 
Weight % 

    GB2 GB3

0 - 3 41.0 58.9

3 - 5 44.2 55.7

5 - 7 42.8 57.1
Glass Beads

–12 + 14 
(50%) GB2

+ 
–14 + 16 

(50%) GB3

9 

7 - 9 25.0 74.9
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Table 9. Characteristics for glass beads with static bed 
height 12.8 cm. 

Material Size B.S.S 
Static Bed 
Height cm 

Segregated 
Bed Height 

cm 
Weight % 

    GB2 GB3

0 - 3 46.3 53.6

3 - 5 36.4 63.5

5 - 7 37.7 62.2
Glass Beads 

–12 + 14 
(50%) GB2 

+ 
–14 + 16 

(50%) GB3 

12.8 

7 - 9 42.5 57.4
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Figure 6. ∆P vs. U plot for dolomite of –8 + 12 mesh size. 
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Figure 7. ∆P vs. U plot for glass beads of –8 + 12 mesh size 
(GH1). 
 

0 1 2 3
0

500

1000

1500

2000

2500

3000

P
(N

/m
2 )

U(m/s)  

Figure 8. ∆P vs. U plot for glass beads of –8 + 12 mesh size 
(GH2). 
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Figure 9. ∆P vs. U plot for a mixture of glass beads of GB1 
(75%) and GB2 (25%). 
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Figure 10. ∆P vs. U plot for a mixture of glass beads of GB1 
(50%) and GB2 (50%). 
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Figure 11. ∆P vs. U plot for a mixture of glass beads of GB1 
(25%) and GB2 (75%). 
 
and pressure drop increases. For minimum fluidization 
velocity, the diagram shows bed lifting after some time 
steps. 

From the experimental results obtained, it shows that 
pressure drop across the bed increases with increasing in 
stagnant bed height. The critical fluidization velocity for 
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Figure 13. The adaption region. Figure 12. Grid Generated using GAMBIT 2.0.30. 
 

 

Figure 14. Simulated solids volume fraction profile of glass beads of 2D bed at minimum fluidization condition (U = UmfM i.e. 
2.41 m/s). 
 

 

Figure 15. Simulated solids volume fraction profile for glass beads of 2D bed at fully fluidization condition U = 9.63 m/s i.e. at 
4UmfM. 
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Figure 16. Simulated solids volume fraction profile for dolomite of 2D bed at minimum fluidization condition (U = UmfM i.e. at 
2.01 m/s). 
 

 

Figure 17. Simulated solids volume fraction profile for dolomite of 2D bed at fully fluidization condition (U = 4.01 m/s i.e. 2 
UmfM). 
 
the mixture decreases with increase in the weight fraction 
of flotsam in the mixture and a small increase in the 
maximum pressure drop was also observed with increase 
in the weight fraction of the flotsam particles in the mix- 
ture. Good agreement of solid volume fraction profile 
was obtained between the experimental results and simu- 

lation results for glass bead particle but some differences 
were obtained for dolomite particle. However the results 
are for two dimensional (2D) only, and therefore only 
serve to get a qualitative insight into the physical under- 
lying of the fluidization behavior in tapered bed. 

Finally it’s concluded that, the overall particle flow 
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and the distribution of granules in a tapered bed are quite 
different from a cylindrical bed. This is due to intense 
bubbling zone in the core of the bed. Relations to de-
scribe bubble intensity and velocity as a function of bed 
height in cylindrical beds don’t hold for tapered beds. 

The work shows that there is no clear segregation of 
the granules in the bed, and that their behavior may 
change between flotsam and the jetsam character de-
pending on the granule fraction present. The results show 
that the flow and mixing pattern differs over the bed sur-
face, with up flow in the middle, strong radial flow in a 
zone around this, and down flow at the edge. This indi-
cates that the position of the nozzle will influence the 
granulation and the granule size distribution. 
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